we have generated conditional mouse models in which NT-3 is completely deleted in the cerebral cortex. We neocortex that enable thalamocortical axons to invade the cortical plate, target precise neuronal layers, and find that the development of a specific group of thalamocortical axons is disrupted in these mice. Our results reinforce synaptic contacts in an activity dependent manner, are not well defined.
provide evidence for a novel target-derived function of NT-3 in the establishment of synaptic interactions beThe neurotrophins exert numerous important functions in the development and maintenance of both the tween thalamic axons and cortical neurons. adulthood in the rodent cerebral cortex, hippocampus, mice to a ROSA-26 ␤-galactosidase reporter mouse strain (Soriano, 1999) . X-gal staining of resulting P0 and and cerebellum (Maisonpierre et al., 1990 ; Zhou and Rush, 1994) . Analysis of a mouse strain in which lacZ adult progeny verified that Foxg1-Cre-mediated loxP recombination was strongest in forebrain and cerebelwas targeted to the NT-3 locus has demonstrated that NT-3 expression is abundant in specific cortical subrelum, with some activity in midbrain ( Figures 1A and 1B We conclude that NT3 flox/flox ;Foxg1-Cre mice lack NT-3 expression in cerebral cortex. The genomic configuraof NT-3 function beyond this period, we generated a "conditional mutant" mouse strain in which the single tion of the Foxg1-Cre mice, generated by the knock in of Cre into the endogenous Foxg1 locus, renders one coding exon of NT-3 is flanked by bacteriophage P1 loxP sites. This NT-3 allele, NT-3 flox , is labile in vivo to allele of the Foxg1 gene null. Therefore, in all studies described here, we include the Foxg1-Cre transgene in Cre recombinase-specific deletion (Ma et al., 1999 bundles in subcortical white matter. In addition to the cortical relays described above, NT3 flox/flox ;Foxg1-Cre mice have only two white matter bundles ( Figures 2BЈ and 2CЈ) , and higher magnification the subcortical white matter also contains axons of the corpus callosum and cingulate bundle. Histological exsuggests that the middle bundle ( Figure 2D , red star) is greatly reduced in the mutant white matter ( Figure 2DЈ) . amination of the corpus callosum revealed no significant differences between control and mutant mice. We also Antibodies against myelin basic protein confirmed the reduction in myelin bundles (MBP; Figures 2E and 2EЈ) .
examined the cingulum, a collection of axonal fibers connecting frontal and parietal cortices with parahippoTo determine whether axons were present in the absence of myelination, a neurofilament antibody was emcampal and adjacent temporal cortices (Carpenter, 1985) , and found it to be unaffected in mutant mice (see ployed (NF200; Figures 2F and 2FЈ) . The combination of myelin and axon detection methods confirms the abSupplemental Figure S2 at http://www.neuron.org/cgi/ Figures 4GЈ and 4HЈ) .
cortex should produce a concomitant reduction in the At P8, when NT-3 expression in the retrosplenial and ial cortex ( Figures 6D1 and 6D1Ј, red arrowheads) . To rule out artifacts of differential labeling, we ensured that control and mutant mice acquired equal DiI saturation of all nuclei (AD, AV, AM, LD, and LGN; data not shown). We examined TrkC mRNA expression in the thalamus at P7 and found concordance between the sites of receptor expression and the observed thalamocortical deficiencies (see Supplemental Figure S5 at http://www. neuron.org/cgi/content/full/36/4/623/DC1). Thus, TrkC is expressed in thalamic nuclei that project to retrosplenial and visual cortex but not somatosensory cortex. Consistent with this, we saw no evidence of alterations in the presence or pattern of thalamocortical projections to somatosensory cortex (data not shown). 
dark arrowheads). (B2 and B2Ј) P3 control (n ϭ 3) and mutant (n ϭ 1) visual cortex showing normal initial collateral invasion into the cortical plate in control mice ([B2], arrows) but failed invasion of collaterals in mutant ([B2Ј], arrows). (C1 and C1Ј) P5 control (n ϭ 2) and mutant (n ϭ 2) retrosplenial cortex showing extensive collateral invasion in control mice ([C1], arrows) but significantly reduced invasion in mutant mice ([C1Ј], arrows). Notice both control ([C1], red arrowheads) and mutant ([C1Ј], red arrowheads) have accumulated thalamocortical axons in the subplate. (C2 and C2Ј) P5 control (n ϭ 2) and mutant (n ϭ 2) visual cortex showing normal collateral invasion in control mice ([C2], arrows) but greatly reduced invasion in mutant ([C2Ј], arrows). (D1 and D1Ј) P8 control (n ϭ 5) and mutant (n ϭ 5) retrosplenial cortex showing continued collateral invasion and elaboration in control mice ([D1], arrows) but few invasion in mutant ([D1Ј], arrows). Notice the accumulation of thalamocortical axons in the subplate ([D1 and D1Ј], red arrowheads). (D2 and D2Ј) P8 control (n
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